Traditionally, myocardial ischaemia was considered to result from an imbalance between a fixed limitation of myocardial oxygen supply and a variable myocardial oxygen demand. The oxygen supply was limited by atherosclerotic lesions encroaching on the lumen of the major epicardial arteries and obstructing blood flow. The oxygen demand could be varied by alterations in preload, afterload, heart rate and contractility, principally from changes in physical activity and levels of stress. This concept was unable to explain some important components in the spectrum of myocardial ischaemia, such as nocturnal and rest angina, and myocardial ischaemia or infarction with angiographically normal coronary arteries.
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In 1959, Prinzmetal et al. reported a group of patients with 'variant' angina and postulated that reversible spasm at the site of a severe, fixed proximal atherosclerotic lesion was the cause of ischaemia in this group. The idea of coronary spasm was not new, as it had already been considered the major factor in the pathogenesis of myocardial ischaemia (Osler 1910) .A great body of pathological and angiographic literature later attested to the high prevalence of fixed coronary atherosclerosis in patients with ischaemic heart disease and the contribution of spasm was consequently overlooked. For a decade after the report of Prinzmetal et al. the role of coronary spasm was not widely appreciated, and it was Maseri and his group (1975) who rekindled interest in it. These workers showed that in variant angina the ECG change preceded any increase in heart rate and blood pressure, and a reduction of oxygen supply due to a fall in coronary blood flow was therefore implicated. Reversible coronary spasm was observed by angiography during the ischaemic episodes. Large but reversible defects of myocardial perfusion corresponding to the site of ECG changes were demonstrated during anginal attacks by thallium scintigraphy, indicating a temporary reduction of coronary blood flow through the supply artery (Maseri et al. 1978) .The importance of coronary spasm in the ischaemic syndrome was therefore re-established, but its relative contribution remained to be determined.
The term 'variant angina' has recently become synonymous with coronary artery spasm. Variant angina is used to describe recurrent episodes of ischaemic cardiac pain at rest accompanied by reversible S'F-segment elevation without cardiac enzyme elevation. This ECG change reflects transmural ischaemia and indicates total or subtotal obstruction to blood flow through a major coronary artery. Although ST-segment elevation is a common finding during spasm, ST-segment depression and T-wave changes may also be observed during different ischaemic episodes in the same patient. These latter changes reflect lesser degrees of ischaemia suggesting varying severity of spasm at the same site or varying extent of involvement of the coronary artery tree by spasm.
In patients with variant angina a continuous spectrum of fixed atherosclerotic disease has been documented at angiography, from normal coronary arteries to high-grade obstructive disease. In an experience similar to that of Selzer et al. (1976) , we have divided patients with variant angina on an arbitrary basis into two groups depending on the presence or absence of severe (> 70%) fixed obstruction. This division implies angiographic study early after presentation and this is recommended because the two groups are managed differently and cannot be distinguished by other means.
Group 1: Normal coronary arteries or minor atherosclerotic disease By definition, coronary angiography shows normal coronary arteries or minor fixed disease with less than 70% luminal diameter reduction. This group comprises between 5 and 20% of the total patients with variant angina. There are approximately 3 times as many males as females in this group. Most patients have been heavy smokers, 23 out of 24 in our series. The history of angina is usually longer than 1 month and up to 5 years or more in some cases. Pain invariably occurs at rest and is often nocturnal, waking the patient from sleep. These 'variant' features have sometimes led to diagnostic difficulty. A significant, but variable, proportion of ischaemic episodes are unaccompanied by chest pain. About one-quarter of the patients experience angina during effort and both ischaemic ECG changes and angiographic evidence ofspasm have been observed during exercise testing (Yasue et al. 1979a) . There is an intriguing diurnal variation in the frequency of both spontaneous and effort-induced anginal episodes, and Yasue et al. (l979b) found that at angiography performed in the early morning the coronary arteries are generally reduced in calibre compared with later in the day. In this group the right coronary is reported to be the artery more frequently affected by spasm, although in our series of 24 patients we have found an equal incidence of left anterior descending and right coronary artery involvement. When spasm has been observed during angiography in patients with fixed lesions it has often originated adjacent to a minor lesion, but may be focal or diffuse.
If spasm is suspected before cardiac catheterization and normal coronary arteries or minor fixed lesions are demonstrated, a provocation test is often required as spontaneous spasm occurs infrequently during angiography. Intravenous ergonovine administration has high specificity and sensitivity for the provocation of coronary spasm, although its mode of action has not been fully elucidated (Heupler et al. 1978) . It is given in incremental doses at 3-5 minute intervals starting with 0.05 mg until the occurrence of angina or up to a total of 0.65 mg. A positive test is characterized by a narrowing of the arterial lumen by 70% or more of its diameter and this is accompanied by chest pain and ST elevation. In a negative test there is usually mild (15-30%), generalized vasoconstriction of the coronary tree without ischaemic ECG changes. The test may be performed after angiography and the provocation of spasm inferred from the detection of reversible ischaemia by electrocardiography and thallium perfusion scintigraphy. There is a risk of provoking serious arrhythmias, such as complete heart block ventricular tachycardia or fibrillation, and myocardial infarction during a positive test. These complications are minimized by the use of vasodilators such as nitroglycerin or nitroprusside to reverse provoked spasm and by experienced personnel performing the test in a cardiac department with equipment for cardiopulmonary resuscitation immediately available. We have observed brief episodes of ventricular tachycardia reversed by the use of vasodilators in 3 out of 16 positive tests and there were no instances of myocardial infarction in the total group of 69 patients (Freedman et al. 1980) . The recent report by Buxton et al.
(1980) of 3 deaths following ergonovine administration will lead to increased caution in using this test and precautions such as low dose schedules, reopacification of the artery after each new dose, and the use of intracoronary nitroglycerin. The test is of greatest value in those patients with chest pain suggestive of variant angina when there has been failure to record an ECG during pain and when angiography has shown less then 70% fixed obstrictions. Our current practice is to omit ergonovine provocation in patients with a history suggestive of variant angina and with reversible ST elevation observed during spontaneous chest pain.
Attacks of variant angina are terminated by sublingual nitrates but their duration of action is too short for useful prophylaxis. Nitrates given by the oral route are extensively metabolized during their first passage through the liver and are therefore of limited prophylactic value although they are often used as adjunctive therapy. The calcium antagonist vasodilators such as verapamil (Solberg et al. 1978 , Freedman et al. 1979 ) and nifedipine (Heupler & Proudfit 1979 , Goldberg et al. 1979 have been shown to be effective in the prevention of attacks of spasm. In our experience with 24 patients in this group treated with calcium antagonist vasodilators for disabling angina due to spasm, complete relief of anginal episodes was observed in 15 and substantial relief in the remainder. The use of beta-blockers and coronary bypass surgery are contraindicated for these patients, and this important aspect ofmanagement underscores the importance of early diagnosis utilizing angiography.
Current work is directed towards determining the underlying pathogenesis of coronary spasm, but unfortunately little progress has been made. The diurnal nature of anginal episodes and the relationship to heavy smoking may have some bearing on pathogenesis. It is of great interest with respect to cigarette smoking that when vasodilator therapy was discontinued for at least 48 hours in a group of 16 of our successfully treated patients, 10 failed to develop angina. Nine of these 10 were heavy smokers when commenced on vasodilator therapy and 8 of the 9 had stopped smoking when treatment was discontinued. The ninth had reduced from 30 to 2 cigarettes daily. All six patients who developed angina when treatment was ceased had continued to smoke throughout the period of vasodilator treatment.
Pharmacological experimentation has confirmed that the large epicardial coronary arteries, which have abundant medial muscle, are dilated by beta-adrenergic receptor agonists and alpha-adrenergic antagonists, and constricted by alpha-adrenergic nerve stimulation, alphaadrenergic agonists and beta-receptor antagonists (Zuberbuhler & Bohr 1965 , Bohr 1967 . These data have led to the suggestion that excessive alpha-adrenergic activity might be important in the genesis of coronary spasm (Ricci et 01. 1979) . Evidence so far has failed to substantiate this hypothesis (Robertson et 01. 1979) , although alpha-adrenergic antagonists have prevented attacks of spasm in some patients. Few opportunities have arisen for pathological examination of arteries subjected to coronary spasm. They have not shown any specific morphological abnormality although the frequency with which mild atherosclerosis has occurred in these affected arteries is noteworthy. A humoral mechanism for spasm production is an attractive proposition but so far has not received any experimental support. The abnormal reactivity of the coronary arteries in this condition is at the moment poorly understood, in keeping with other vasoactive conditions such as Raynaud's disease and migraine which occasionally coexist with spasm (Robertson & Oates 1978) .
Group 2: Severe atherosclerotic disease The severity of lesions varies from 70% to greater than 95%. Although one coronary artery may be affected, more commonly there are severe stenoses in 2 or 3 of the major arteries (Maseri et 01. 1978) . The patients, usually male, often give a history of previous effort angina or myocardial infarction. The duration of rest angina is usually of one month or less and there is a high risk of acute myocardial infarction. The left anterior descending artery is usually the site of obstruction, and should infarction occur it involves the anterior wall with a large segment of myocardial loss. Historical features do not easily distinguish Group 2 from Group 1 patients, hence the need for early angiography. Ergonovine provocation ofspasm is generally of little diagnostic value in this group because of the normal pharmacological, 15-30%, vasoconstrictor response which would be difficult to interpret in these arteries with severe fixed stenoses. It is not our practice to administer ergonovine to this group of patients.
The prognosis for this group is poorer than for Group 1 patients. Myocardial infarction and sudden death are more frequent and the response to therapy is less satisfactory (Conti et 01. 1979) . Termination of anginal episodes can often be achieved with sublingual nitrates as with Group 1 patients. However, the long-term role of oral nitrates and calcium antagonist vasodilators remains to be established. Some patients have apparently responded to betablockers, but the calcium antagonist diltiazem was found to be more effective in one acute cross-over trial (Bardet et 01. 1979). Our practice is to initiate treatment with nitrates and calcium antagonists and to avoid the use of beta-blockers in this group, notwithstanding that a proportion previously experienced effort angina. Because of the unsatisfactory longer-term response to medical therapy, it is only reasonable that coronary bypass surgery should be considered, especially as perioperative mortality and infarction rates for this operation have recently fallen and the medium-term results for patients with fixed coronary artery disease have been generally encouraging. A high proportion of patients with variant angina have proximal high-grade fixed lesions with distal arterial segments technically suitable for grafting. Despite this seemingly favourable situation, the results of surgery for patients with variant angina are less favourable than for those with effort angina associated with ST depression, fixed coronary obstructions and no evidence of coronary spasm. Perioperative mortality and infarction rates have been higher and the postoperative recurrence of angina more common following bypass surgery in patients with variant angina (Conti et al. 1979) .This might be the result of recurrent spasm in the grafted native artery extending below the site of graft insertion. With this possibility in mind, Grondin & Limet (1977) successfully combined local arterial denervation with coronary bypass, but the number of patients treated in this way is too small for any conclusions to be drawn. There are therefore no established preferences in the management of these patients, but it is our current policy to advise bypass surgery for those shown to have high-grade lesions and technically suitable distal arteries.
As in group 1, myocardial ischaemia is produced by a sudden reduction in regional coronary blood flow. However, the presence of a high-grade fixed obstruction allows for additional pathogenetic mechanisms. While reversible arterial obstruction has been observed at angiography during ischaemic episodes, this does not necessarily imply that spasm is always the cause. Folts et al. (1976) have shown recurring reductions in coronary blood flow in arteries with fixed obstructions producing myocardial ischaemia. Convincing evidence was put forward for these reversible obstructions being due to platelet aggregates with subsequent disaggregation allowing re-establishment of blood flow and termination of the ischaemic episode. Kumpuris et al. (1980) concluded that circulating platelet aggregates are more common at rest and immediately after exercise in patients with severe coronary artery disease. Platelet aggregation may also result in local arterial spasm due to the liberation ofthromboxane A2, a potent vasoconstrictor substance found in circulating platelets. In this setting vasoconstriction may well occur, at least in part, because the atherosclerotic intima is deficient in the production of prostacyclin, a local vasodilator, required for homeostatic control of the arterial luminal diameter (D'Angelo et al. 1978) . These concepts are purely hypothetical and require further experimental evidence before gaining acceptance. The role of platelet aggregates need not apply exclusively to this group, but its consideration here seems to be more attractive in the presence of high-grade fixed lesions.
An important observation has recently been reported by Selwyn and his colleagues (1979) . They found markedly diminished or absent contrast opacification of the coronary artery distal to an experimentally produced 60% fixed stenosis after the region of myocardium supplied by the partially obstructed artery had been rendered ischaemic by pacing or by embolization with barium sulphate. Return of arterial contrast opacification occurred after nitroglycerin administration which improved contraction of the dysfunctioning myocardial segment. Failure of distal arterial filling was presumed to be due to poor run off into abnormally functioning myocardium. This work highlights the difficulty of assuming the occurrence of spasm based only on arteriographic appearances.
Thus coronary spasm appears to be reasonably well established as the prime mechanism for the episodic reduction of coronary blood flow causing severe ischaemia in Group I patients.
It clearly has an important role in Group 2 patients, but alternative mechanisms may also operate and these require further elucidation before a firmer understanding can e~erge.
Coronary spasm, rest angina, myocardial infarction and sudden death
The relationship between coronary artery spasm and rest angina with ST elevation is now well established and it is also recognized that some episodes of ischaemia in these patients may be associated with ST depression or T-wave changes. It is unclear if rest angina associated only with ST depression is also due to spasm. Maseri et al. (1978) studied over 100 patients with rest pain and concluded that a drop in coronary blood flow rather than an increase in demand was responsible for all their episodes of ischaemia. They postulated that coronary vasospasm of varying severity was the underlying mechanism. However, these patients were selected to the extent that ST elevation was documented at least once during chest pain in each, although ST depression and T-wave changes were often observed inother episodes. Therefore these results cannot necessarily be extended to other patients with ST depression only during rest pain and the prevalence of coronary spasm in this group remains unknown. Both Guazzi et al. (1975) and Figueras et al. (1979) have measured the haemodynamic changes during rest angina in patients with ST depression only and have failed to demonstrate an increase in oxygen demand at the onset of ischaemia.
The optimum medical therapy for his group has not been established. Beta-blockers and nitrates are currently advocated, but several trials are in progress to determine whether there is a role for the calcium antagonists. Refractory cases are helped by parenteral nitrates (Dauwe et al. 1979 )and intra-aortic balloon pumping (Levine et al. 1978) . The role of acute coronary bypass surgery remains controversial and was not found to have an advantage over medical therapy in one randomized trial (Schroeder et al. 1978) . The present consensus is that most of these cases will respond to vigorous medical therapy, and surgery, if necessary, is best delayed until a more stable state has been achieved.
The pathogenesis of acute myocardial infarction is still widely debated. The question whether thrombosis in the supply artery is primary or secondary remains unanswered. The occurrence of infarction with angiographically normal arteries is also unexplained. There have been several reports of acute infarction occurring in the same myocardial region previously shown to be ischaemic during attacks of variant angina. In some of these studies coronary spasm had been previously demonstrated, during anginal episodes, in the artery supplying the region of subsequent infarction. In 1972, Lange et al. reported 9 patients who had developed angina on withdrawal from chronic industrial exposure to nitroglycerin. Four of the group developed acute myocardial infarction and were subsequently shown to have normal or near normal coronary arteries at angiography. Coronary spasm associated with the withdrawal of nitrates was the mechanism implicated for the ischaemic episodes. Oliva & Breckenridge (1977) found evidence of coronary artery spasm in 6 out of 15 patients studied within the first 12 hours of acute myocardial infarction. Spasm was reversed in these cases with intracoronary nitroglycerin leaving a residual, severe atherosclerotic obstruction. However, Gold & Leinbach (1980) were not able to demonstrate any acute reduction in the severity of left anterior descending obstruction with intracoronary nitroglycerin given early after the onset of anterior myocardial infarction in 14cases. The role of coronary artery spasm in the genesis of acute myocardial infarction remains conjectural, but its possible interplay with platelet aggregation in relation to antherosclerotic plaques may have pathogenetic importance.
Ventricular tachycardia and fibrillation and complete heart block have been frequently documented during episodes of variant angina, and some patients with proven coronary artery spasm have died suddenly during follow up, possibly due to the occurrence of arrhythmia. We have observed one patient who developed spontaneous left anterior descending artery spasm during angiography resulting in mechanical asystole whilst initially remaining in sinus rhythm; this episode was reversed by intravenous nitroglycerin. Sudden unexpected death is a most important case of mortality in ischaemic heart disease and has been considered to be due to primary arrhythmia. The possibility of coronary spasm being a more frequent contributory factor in sudden death remains of interest but is unsupported at the present time.
